The unintentional omission of medication is one of the most commonly-reported administration errors on hospital wards throughout the world.
Problem
Medication administration errors are a common occurrence on inpatient hospital wards (1) (2) (3) . A recent study conducted in East London NHS Foundation Trust (ELFT) found that the unintentional omission of a dose of medication is the most frequent administration error seen on the Trust's inpatient wards (3) . This type of error accounted for 37% of all the errors observed during direct observation of medication rounds in ELFT.
The unintentional omission of a dose of medication is not an innocuous error-it can have a profoundly negative impact on patients. When the issue was investigated by the National Patient Safety Agency in 2010, they found that in England and Wales, in less than three years, 27 people had died and 68 were severely harmed after the omission of a medication (4) .
There is a greater risk of omitting a dose of medication for a patient on wards specialising in the care of older people because, on average, older people will be prescribed more medication than their younger counterparts. Data from ELFT indicates that on the Trust's adult acute mental health wards, the average number of doses of medication prescribed per patient per day is 2.3, whereas it is 3.9 on the mental healthcare of older people (MHCOP) wards (3) .
When more doses are prescribed, there is a greater chance of omitting a medication-as there will be a proportionally higher opportunity for error. There is thus a demonstrable need to tackle the problem of missed doses of medication on MHCOP wards.
Background
The unintentional omission of medication is a not a problem that is unique to ELFT. Two recent systematic reviews of medication administration error studies both reported omitted doses to be one of the most commonly observed problems on hospital wards throughout the world (1, 2) . To improve the standard of pharmaceutical care we provide to patients there is a clear need for the development of strategies to reduce the frequency with which unintentionally omitted doses of medication occur. However, there is limited current literature evidence about how missed dose rates can be reduced. Two studies have reported that the implementation of electronic prescribing systems has led to a significant reduction in unintentionally omitted doses (5, 6) . No such electronic systems are available at ELFT, and indeed, such systems can be costly and time consuming to implement. So whilst the implementation of electronic prescribing may represent a good strategy in the longerterm, there is still a need to develop interim approaches to reduce omitted doses -that can begin to have an immediate impact.
A group of Australian investigators report on the development and implementation of a training package to reduce harm from omission of medication (7) . However, the investigators do not state whether this training package actually led to a reduction in the incidence of omitted doses in the hospitals in which it was implemented. Therefore, it is not clear whether implementation of such a package would be of benefit in ELFT. One further study reported a reduction in omitted doses of medication after the deployment of pharmacy assistants to support nursing medication rounds (8) . 
Baseline measurement
The overall aim of the project was to reduce the number of unintentionally omitted doses of medication on the six mental healthcare of older people (MHCOP) wards. Therefore, the measure that was used to track the impact of the project was the rate of unintentional dose omission. This was defined as the number of unintentionally omitted doses per total number of doses due. Data was collected on a weekly basis by pharmacist review of all medication administration record (MAR) charts for all patients across the six wards. An unintentionally omitted dose was defined as any occasion on which the MAR chart record for a particular dose was not completed either with a nurse's signature indicating administration, or a specified code indicating that the dose had been intentionally omitted. This was in line with the methodology adopted in other studies of omitted doses (7) (8) (9) . Chart review was conducted at least 24 hours after the last doses for that week should have been given.
Prior to the initiation of the project, weekly data about missed doses was collected from all six wards for six weeks. Over these six weeks, the average missed dose rate across the six wards was found to be 1.07%. That is, 1.07% of all doses of medication that were prescribed to be administered to patients were omitted unintentionally. Extrapolating the six weeks' worth of data to a year, it is estimated that an average of 268,926 doses will be given on the six MHCOP wards per annum. Therefore, if 1.07% of these doses are omitted, it would correspond to approximately 2878 doses of medication that patients are prescribed, but which they do not receive.
Design
It was felt that a vital component of the project would be to raise awareness of the problem of omitted doses of medication.
Discussion with frontline nursing staff had revealed that not all staff members were aware of how many doses of medication were being omitted, nor the potential clinical consequences of dose omission. A search of 'BMJ Quality Improvement Reports' revealed a project in which the standard of antibiotic prescribing in a hospital had been improved through the use of a league table system (10). The league The weekly data about missed doses that was collected by pharmacists was provided to the Lead Pharmacist for MHCOP, who collated the information and used it to create a league table. The league table was issued every fortnight, and was sent via e-mail to all ward managers. The ward managers were asked to forward the league table to each of the nurses working on their ward, and to print a copy to display on the ward's noticeboard. This was felt to be a sustainable model for the initiative because the potentially most time-consuming part -the collection of data about the missed dose rate -was something that in large part was already being done by pharmacists. On each of the wards, pharmacists regularly review the MAR chart for every patient, so asking them to record instances of missed doses did not add a large burden of extra work.
The data that was collected was also used to develop a control chart which showed how the omitted dose rate varied from week to week. This meant that the intervention's effect on the missed dose rate could be tracked in real-time.
Strategy
PDSA 1: A league table was created and issued to each of the wards as outlined in the 'Design' section above. The league table ranked the wards in terms of their average missed dose rate over the previous two weeks. Along with the missed dose rate, the league table showed how many doses of medication had been due on each ward in the past fortnight, and how many doses had been missed. The ward at the top of the league -that is, the one that missed the fewest doses -was then awarded a prize which consisted of some snacks for the ward staff. There was an immediate drop in the unintentionally omitted dose rate after the first league table was published.
PDSA 2: The league table continued to be issued on a fortnightly basis, and whichever ward was top of the league continued to receive a prize. After two issues of the initial design, the league table was adapted to include information about the change in missed dose rate from the previous issue. This meant that each ward could now see whether their missed dose rate had gone up or down over the previous fortnight.
PDSA 3: The issuing of the league tables was found to be effective in reducing the missed dose rate, and so the fortnightly distribution of the tables continued. A further change idea was tested when, along with the league tables, each ward was issued an individualised poster which very clearly stated how many doses had been missed on the ward in the past fortnight. If the ward had not missed any doses, the poster would then state how many weeks it had been since a dose had been missed. Each ward was issued its own poster and was asked to display this prominently, where it could be seen by patients and carers on the ward. The missed dose rate further reduced when these posters started being issued. 
Results
The control chart that was used to track the missed dose rate over the course of the project can be accessed under "Supplementary Material". From the control chart it can be seen that the missed dose rate has decreased sharply since the implementation of the project. There were two points of change that obeyed the statistical process control rules (11, 12) for 'special cause variation'. No other changes that could have affected the missed dose rate have been identified, so it is very likely that this special cause variation can be attributed to the changes implemented through the current project.
As discussed above, the baseline missed dose rate in the six weeks before implementation of the first PDSA cycle was 1.07%; which would give an average of 2878 missed doses per year across the six MHCOP wards. In the last six weeks of the project, after the completion of four PDSA cycles, the missed dose rate was 0.07%. 
Lessons and limitations
An obvious lesson to take from the project is that healthy competition can help drive improvement. The wards all wanted to finish top of the league table, so they spurred one another on to make changes that would lead to them missing fewer doses of medication. This leads to a second learning point -that it can be effective to allow flexibility with regards the exact means of bringing about improvement. The league tables and posters gave the wards an indicator of how they were performing, but it was then up to them to enact the changes that would lead to improvement. This represents an organic way for improvement to develop within the framework of each particular context -and is in contrast to a more proscriptive, top-down approach to change.
An additional lesson from the project was that the visual display of information can be very effective at bringing about improvement.
The league tables and posters that were published very clearly showed each ward how it was doing compared to other wards in terms of missed doses, and also whether the ward was improving or getting worse. Allowing the wards to keep track of their progress, and to benchmark their performance against that of other wards, encouraged them to keep trying to reduce their missed dose rate.
Another lesson was the fact that it is better to reward good practice than to punish bad. The nurses on the wards talked about the fact that they had previous experience of data being used in a punitive, negative way -to attach blame and criticise. The nurses were appreciative of the fact that the ward with the lowest missed dose rate would get a prize-rather than the ward with the highest rate being punished. (14) conservatively estimate that the cost of one preventable ADE is $2162, so the cost of 25 would be $54,050 (£34,320 at the current exchange rate). Therefore, the current project has the potential to save more than £34,000 a year across the six MHCOP wards.
A limitation of the current project was that it was only implemented on the six mental healthcare of older people wards at ELFT. Therefore, at the minute, it is not clear whether the findings generated would be replicated if the change ideas were tested on other mental health wards, or wards in a general hospital. There are currently plans to test the intervention more widely within East London Foundation Trust, and if it generates similar results on other wards, the change ideas will be implemented throughout the Trust.
Conclusion
The unintentional omission of medication is amongst the most common medication administration errors that occur in the hospital setting. To date there is little evidence about cost effective means for reducing the incidence of unintentionally omitted doses.
However, the introduction of a league table concept has led to a more than 90% reduction in the missed dose rate on the six mental healthcare of older people wards in East London NHS Foundation
Trust. This has potentially led to a yearly cost-saving of around £34,000. The visual display of information about quality of care, the healthy competition that the league tables generated, and the rewarding of good practice, all played a part in the success of the project. The techniques employed will now be applied more widely throughout the Trust, and will be tested in a variety of clinical settings. If the results from the current study are replicated, the use of league tables will represent a simple, cost-effective means of reducing unintentionally omitted doses of medication on hospital wards.
